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Abstract 



PURPOSETo prevent an electrode from burning and to prolong the service life of a nozzle by providing a 
clearance between an insertion hole of the electrode and the electrode and making the clearance a duct of 
working gas. 

CONSTITUTION:Plural peripheral grooves 4 are provided in the longitudinal direction to an inwall of the 
insertion hole 3 where the electrode 2 of a torch main body 1 is loaded. Then, these peripheral grooves are 
used as the ducts of the working gas supplied from a pipe 5 and the working gas is blown out along the 
periphery of the electrode 2. Accordingly, since the electrode 2 is kept in a cooled state at all times, the 
abnormal temperature-up is controlled and the electrode 2 can be prevented from burning even if it is used for 
hours continuously. As a result, the stable plasma spraying is always performed and the service life of the 
nozzle can be prolonged to about five times longer than the usual one. 
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SPECIFICATIONS 

1 Title of Invention 

Torch 

2 Claims 

1. A torch for a plasma cutter, which has the following characteristic features. A gap 
is created between the bore in the torch main body for inserting an electrode and the 
said electrode. The gap is used as the flow path of a working gas which is to be 
transformed to a plasma, 

2. The torch described in Claim 1, in which the gap is created by grooves made on the 
inner surface of the electrode insertion bore. 

3. The torch described in Claim 1, in which the gap is created by grooves made on the 
outer surface of the electrode. 

4. The torch described in Claim 1, in which the gap is created by grooves made on the 
surfaces of the insertion bore and the electrode. 

3 Detailed Description of Invention 

(a) Technical Area of Invention 

This invention pertains to the improvements of a cutting torch in a plasma cutter. 

(b) Existing Technol gy 
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In the conventional plasma cutting, however, a gas such as nitrogen and argon has 
been used as the working gas, but these gases are expensive and the use of these gases 
requires careful maintenance and control as well as considerable skills for delicate 
adjustments in setting the gas pressure and the working current. 

To resolve such difficulties, a plasma cutter utilizing compressed air as the working 
gas was recently developed and the operating efficiency was greatly improved. That 
is, while such air plasma cutter is incapable of cutting thick (more than about 20 mm) 
pieces, it uses a common air compressor as the source of the working gas, making its 
handling much simpler. Therefore, it is particularly well suited for cutting thin pieces 
of stainless steel, aluminum, and brass used for building hardwares and steel plates 
used for automobiles because it yields the small cutting width, the reduced dross 
and little thermal contraction of work pieces. The air plasma cutter can be used quite 
handily in all areas involving boring or cutting of metals including post heat treatment 
of press worked sheet metals and cutting of pieces made of two different metals. 
Therefore, its uses are enormous. 

One of the characteristic features of the air plasma cutting process is its capability of 
sharp and precise cutting with a very small cutting width, thus minimizing the post 
cutting treatment. Therefore, attempts have been made to construct the torch head, the 
tip of the nozzle in particular, as slender as possible so that the cutting operations can 
be made visually observing the cutting points. 

In addition, in the plasma cutting, the extremely hot plasma is generated and the torch 
head must be cooled. There are two types of systems for such cooling; the water- 
cooling type in which cooling water is circulated in the nozzle or the air-cooling type in 
which part of compressed air supplied as the working gas is used for eooling. 

(c) Problems To Be Resolved by Invention 

The air plasma cutting, as described above, withstands a long, continuous operation 
when one of the cooling methods is adopted. In practice, however, its rate of 
operation is only 40 - 50 %. That is, during the cutting operation, the nozzle tip is 
gradually burned because of the heat of injection of the high temperature plasma, the 
heat reflected from the work piece, and the deposit of melted dross and spatters, and 
thus the operation must be interrupted frequently for cooling. When cutting a thick 
piece in particular, the deposit of the spatters and the dross are so severe that the 
burning takes place not only in the nozzle but also in the cap protecting the nozzle. 

To resolve such problems, the inventor of this patent has made various improvements 
such as providing recesses such as countersinks on the plasma injection opening of the 
nozzle or forming a tapered surface near the nozzle tip to place the plasma injection 
opening at this portion. With these improvements, it became possible to prevent the 
clogging of the plasma injection opening due to the deposit of spatters and to reduce 
the absorption of the heat reflected from the work piece, and the operation efficiency 
was increased greatly. In addition, by improving the torch cooling method with the 
circulation of the working gas in the protection cap covering the torch tip, the operation 
rate in practice was increased to 90 % or higher. 

These improvements, however, are all made within the nozzle of the torch or its 
protection cap, and the torch js still far from perfect. That is, the torsh interior where 
the plasma is generated remains at a high temperature, resulting in a shortcoming that 
the proper plasma is not generated and subtle changes in the cutting conditions occur. 
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Another shortcoming is that, after a long operation, the plasma generated near the tip of 
the electrode loses its stability in concentration and scatters around, reducing the life of 
the tip and adversely affecting the nozzle. 

(d) Means for Resolving Problems 

The inventor of the present patent, after long and dedicated efforts, has successfully 
developed a torch in which a gap is created between the electrode inserting bore in the 
torch main body and the electrode, and this gap is used as the flow path for the 
working gas. In other words, the primary objective of the torch of this invention is 
to control the temperature increase of the electrode and the torch interior and thus to 
increase the cooling efficiency of the entire torch. 

Note that, in the present specifications, the torch main body designates the torch 
assembly consisting of the electrode, the baffle, the nozzle, and the protecting cap. 
The torch assembly is equipped with the flow path for the working gas supplied from 
the working gas source. It may be electrically conductive so as to also function as the 
current lead wire to the electrode or alternatively an electrical connection may be 
separately provided. The gap designates the spaces created by the grooves or the 
protrusions provided on the outer surface of the electrode and/or on the inner surface 
of the electrode insertion bore. The working gas designates the gas which is injected 
as the plasma for cutting work pieces. Compressed air, nitrogen, and argon are among 
such working gases. 

(e) Effects 

The torch of this invention is intended for cooling the electrode, where the highest 
temperature is generated, and the torch interior. With this invention, the eontrol of the 
temperature elevation of the entire torch and the stable injection of the plasma became 
possible. 

(f) Embodiments of Invention 

In the following, the torch of this invention is explained in detail referring to its 
embodiments illustrated in the drawings. 

Figure 1 is a sketch of an embodiment of the torch main body (1) in the torch (T) of the 
present invention. Multiple longitudinal grooves (4) are provided on the inner wall of 
the electrode (2) inserting bore (3) to create the gap used as the flow path for the 
working gas. The working gas supplied from the pipe (5) is injected along the outer 
surface of electrode (2) inserted in the bore (3) with these grooves (4) as its flow path. 

In the conventional torch main body (V) shown in Fig. 2, multiple longitudinal holes 
(6) are provided in the wall of the electrode (2) insertion bore (3) as the flow path for 
the working gas supplied from the pipe (5). These holes (6), however, merely serve 
as the flow paths for the working gas, and have no influence on the electrode (2) at all. 
In the torch main body (1) of the present invention, on the other hand, the electrode (2) 
can be constantly being cooled because the working gas flows along the outer surface 
of the electrode (2), as shown in Fig. 3. The number of the holes (6) in the wall of the 
conventional torch main body (T) is only about four, and diameter of these holes is 
about 1 mm. In the embodiment of the present invention, the number of the grooves 
(4) is doubled to eight, and the diameter is iaereased to about l f 5 mm, thu§ yielding 
the greatly improved cooling effect not only for the ejectrode (2) but also for the entire 
torch (T). In Fig. 3, (10) is the nozzle, (11) is the protecting cap, and (12) is the 
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baffle. 



In this embodiment, the electric poles are provided at the both ends of the main body 
(7) of the electrode (2), and when the pole at one end is consumed, the electrode (2) is 
turned upside down to provide a fresh" pole. The pole portions are longer than those of 
the conventional electrode so as to be fitted in the'slender nozzle (10). The slender 
nozzle ( 10) is suited for cutting to be made in a tight spot or cutting a work piece made 
of a corrugated sheet. Also the heat from the cutting zone does not remain stagnant, 
and the heat is not readily transferred by conduction to the entire torch (T). The better 
visibility at the cutting point is beneficial in most cutting operations. When the 
electrode (2) with the long poles at both ends is used in the conventional torch main 
body (T), it cannot be inserted without cutting off one of the poles. In the torch (T) of 
this invention, the depth of the electrode insertion bore (3) in the torch main body (1) is 
increased so that even such longer electrode (2) can be insetted as readily as the 
conventional short electrode. 

The shape of the electrode (2) is not limited to that of this embodiment. The electrode 
with the pole at one end only, as shown in fig. 4, may be used. Even for such 
electrode, the longer, the better to increase the surface area in contact with the working 
gas. 

Figure 5 shows an alternative embodiment of this invention in which a spiral 
circumferential groove (4) is provided on the inner wall of the electrode insertion bore 
(3). As in the case of the first embodiment, the working gas flows along the outer 
surface of the electrode (2), resulting in the same degsee-of cooling effectT"^. 



Here, to improve the cooling effect further, multiple circumferential grooves ( r &)"are 
made on the main body (7) of the electrade^)7^s-sho3yji4nwEig.,j6. JThariSTthe ridges 
(9) formed between the grooves (8) function as fins to increase the heat radiation effect 
of the electrode (2), and the surface area in contact with the working gas is also 
increased. In addition, the longitudinal grooves (4) on the inner wall of the bore (3) 
and the circumferential grooves (8) on the electrode are arranged perpendicular to each 
other, and the working gas remains in these spaces. Thus the cooling effect is further 
increased. The circumferential grooves (8) may be replaced by a spiral groove like a 
screw thread, as shown in Fig. 7, or by the longitudinal grooves, as shown in Fig. 8. 
The same degree of cooling effect is obtained from any of them. 

When the grooves are made on both the electrode (2) and the bore (3), it may be 
preferable to make one of them circumferential and the other longitudinal or spiral as 
the path of the working gas. However, if it is constructed as shown in Fig. 9, the 
grooves on the both surfaces may be circumferential to provide the flow path for the 
working gas. 

figure 10 illustrates other alternative embodiment of this invention, in which no 
circumferential grooves (4) are made on the inner wall of the bore (3) and the 
longitudinal grooves (8) are made on the electrode (2) only as the flow path for the 
working gas. In this embodiment, the ridges (9) again function as fins, and essentially 
the same degree of cooling effect as that of the preceding embodiment is obtained. The 
longitudinal grooves (8) may be replaced by a spiral groove. Any grooves which can 
faction as the flow path for the working gas may be used. 

figure 11 illustrates still other alternative embodiment of this invention, in which the 
protrusions are made on the inner wall of the electrode insertion bore (3) to create the 
gap as the flow path for the working gas. To create the gap with protrusions (13), the 





protrusions (13) may be made on the surface of the main body (7) of the electrode (2). 
Of course, the protrusions (13 ) may be made on both the electrode (2) and the bore 
(3), or the protrusions (13) may be combined with the circumferential grooves (4) or 
the longitudinal grooves (8)7 ^ 



(g) Merits of Invention 



As described above, the torch of the present invention is constructed in such a way 
that the working gas is supplied along the outer surface of the electrode, making it 
possible to control the abnormal temperature elevation of the electrode. Therefore, 
its long sustained operation does not cause the burning of the electrode, and torch 
always injects the stable plasma. The roughening of cutting faces of the work piece 
is thus largely eliminated and the time-consuming post-cutting treatment is greatly 
reduced. The good results were obtained in the experiments conducted by the 
inventor. That is, conventionally the opening ahead of the electrode widens toward the 
tip in the shape of a countersink. In the torch of this invention, a very small opening at 
the tip can be used for consistently injecting concentrated plasma, and the life of the 
electrode is extended. In addition, the cooling effect for the entire torch can be 
increased by controlling the temperature elevation of the torch interior also, and 
consequendy the life of the nozzle is extended to about five times that of the 
conventional nozzle. 



4 Brief Description of Figures 

Figure 1 is a sketch of one embodiment of the torch main body in the torch of the 
present invention; Fig. 2 is a sketch of the torch main body in a conventional 
torch; Fig. 3 is a longitudinal section of the torch of the present invention in operating 
condition; Fig. 4 is a longitudinal section of an alternative embodiment of this 
invention; Fig. 5 is a longitudinal section of an alternative embodiment of the torch 
main body; Figs. 6 through 8 are sketches of additional alternative embodiments of this 
invention; Figs. 9 and 10 are longitudinal sections of more alternative embodiments; 
Fig. 11 is a broken-out view of still other alternative embodiment of the torch main 
body; and Fig. 12 is a sketch of still other alternative embodiment of the electrode. 



2 — electrode 
4 — longitudinal groove 
6 — hole 
8 — groove 
13 protrusion 



T — torch 

1 — torch main body 

3 — electrode insertion bore 

5 — pipe 

7 — electrode main body 
9 «. ridge 
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